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ASSTIUCT 

{■CcnUdential} 

Tfi's  report  conlalns  afreview  cf.ultriiyiolel  commurijcalion  sys¬ 
tems  dcyelqpbi  ducinti-Vhci  period  lS?C"to  S?Sp.  Sources  of  radiation 
used  in  these  systems  were  carbon  arcs,  low  pressure  mercury^arc 
lamps,  Ral'Uum  lamps,  and  nitrogen  titled  lubes.  Recelversi,wer'e,.  in 
most  cases,  multiplier; pholotuhes;  however  a  Iliiorescent  telescope 
and  metascopes  were  also  used.  .Several  of  these-systen^s  'liiaci  most 
of,  the  radiation  =coucehtrated  in  the  2530.A.  niorcury' line,  a  -rcglon 
where  the  atmospheric  altcnuaiton -is  very -high.  Other.s  attempted 
only  to  limit  the  radiation  >tp>.the  invisible  portion-of  the  ultraviolet 
spectrmhj  i.e.,  below  about  SSOGA.  None  of  Ihe^syslenVs  were  report¬ 
ed  to  liavo  worked  woU  during  daylight  operatloiis. 

Data.oi\  the  transmission  of  the  atmosphere  in  the  ultraviolet 
region  and  on  fillers,  sources,  and  .receiver's  arodncluded. 

A  conimunicalion  system  for  direptional  or  beacon  oporatiom 
during  daylight  or  nlghlUrae  with  aUoasl  adOimile  range.on  ai>  av¬ 
erage  day  is  consideied  (oaslbie.  tpp  source  would  use  a  mebury- 
sonOM  arc  la  nip  or  a-nitrogen  fllled'tube.  Improved  slgnaUio-nolst,- 
ratio  will  be  obtained  if  the  .source  is  pulsed.  The  receiver  would 
use  n  inuiUpUbr;  phototube  with.an  Irterforencp  type  filter, 


PROBLEM  STATUS 

This  is  a  su.-vey  of'  Iheprosent  .state  of  tho  art  on  one  phase  of 
this  problem;  work  is  continuing  oh  oNiOv  phases. 
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A  SURVEY  OF  ULTRAVIOLET  COMMUNICATION  SYSTEMS 
I  Ur.class  Iliad  Title  1 


INTRODUCTION 

Wlicn  dealing  with  problems,  in  the  ultraviolet  repon,  such  as  the  use  of  ultraviolet 
ladiailuii  for  communication,  it  Is  conventeut  to  have  assembled  in  one  document  information 
for  making  preliminary  evaluations.  This  document  attempts  to  provide  tills,- function  aii'’ 
Contains  data  on  atmospheric  transmission,  filter  materials,  sources,  and-rcccivers  mainly 
for  the  middle  and  near  ultraviolet  regions. 

SuLCoeding  reports  will  present  experimental  data  obtained  during  various  atmospherl.? 
condltl<-ns  with  equipment  designed  to  Imp-ovo  the  sigf»l-to»noise  ratio  of  signals  trans¬ 
mitted  in  the  ultr.nviolct  region. 


ATMOSPHERIC  TRANSMISSION 

The  selection  of  a  system  can  be  st.artea  by  examlnin,*  the  at.ciiuatlon  of  the  atmosphere 
and  ruling  out  those  wavelengiha  which  are  obviously  unsatisfactory. 

Energy  radiated  from  a  point  source  is  diminished  in  two  ways  as  it  is  propagated 
through  the  atmosphere.  The  irr.?,dlance  varies  inversely  as  the  square  of  the  distance 
from  the  source  due  to  the  spreading  and  is  exponentially  attenuated  with  distance  because 
of  absorption  and  scattering:.  Thus 


where  Is  the  irradlaiicc  of  the  source,  K  is  Uic  range,  i  is  the  irradiance  at  a  dislancc 
R,  and  >  is  the  attenuation  coefflcleiit. 


In  order  to  liavn  a  complete  coverage  of-the  processes  of  atmospheric  transmission  one 
riiiplit  ht.irt  by  oxamlnlng  the  transmission  of  a  perfectiy  clear  atmosphere.  Willi  a  perfectly 
clear  atmosphere  the  vlsu.al  rarge  is  .not  infinite  because  of  scattering  by  the  gas  molecules 
in  the  ainiosphere.  This  effect  is  called  Rayleigh  scattering  and  can  be  e.xpressed  matlie- 
niatically  by/ the  equation 


32” 

3n\‘' 


-  1)2 


(2) 


where  is  the  attenuation  coefficient,  n  is  the  number  of  particles  per  cm^  at  STP,  and 
,  is  the  index  of  refraction.  A  typical  value  ofn  is  2.568  10'®  at  760  mm  Hg  and  IS^C 

(1); , ,  -  1 1  foi  dry  air  can  bo  found  from  tables  vU)  and  is  the  order  of  2700  «  lO"®.  A  plot 
of  Eq.  (2)  for  wavelengtlis  from  2000A  to  9000A  is  shown  in  Fig.  1. 


Mo  eorological  visual  range  has  been  defined  as 


(3)- 
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wlicre  c  Is  llio  brightness  contrast  as  defined  by  the  expression 


In  which  Bn  Is-the  brightnoss.of. the', background  gijd.njj.j6  the-brightness:ofctho;objcct  in 
question.  1t  can  be  seen  from  Eq.  (3)  thatC  1?  related  to  the  visual. range  by 

(5) 

A  value  of  0.02  has  been  use«  by  many  workers  as  a  standard  for-the' brightness  contrast 
Whin  the  value  0.02  is  substituted  in  Eq,  (3)  the  visibility  equation  becomes  ^  s.^ia/n- 

The  visual  r.nngo  with  .1  perfectly  clear  atmosphere  can  now  be  obt.olned  from  Eq.  (3) 
using  the  attenuation  value  from  Fig.  1  at  a  w-aveleagth  o,f:5500A.  The  vismal-rango  l8  found 
to-he  31S;km  or  about  170  imutica!  miles  over'a  horizontal  path  at  standard  atmospheric 
condltioas.  Thest  calculatloirs  have  been  made  to  show  thaMhe  factors  other  tlianmolecut.ar 
scattering  Uii'.ibthc  rsugo  at  all  wavelengths  even  under  Ideal  conditions,  since  ranges  of 
ths  order  of  170 miles  are  not  normal.  Ja  reaPa.tmospheres,  scattering  by  haze  Is  the  pre¬ 
dominant  attenuating  .mechanism  In  the  visible  spccti  am. 

An  Indication  o'  actual  visual  daylight  "anges  realizable  with  different  atmospheric 
condilioiw  is  given  in  Table. 1.  The  code  used,  which  is-roughiy  a  geometric  progression, 
was-for  rnur.y  years  the  InternaUtnai  Scale  of  Visibility.  Columns  14)  and  (6)  were  added 
fo"  reference. 

In  order  to  re'ate  the  numbers  in  Table  1  to  the  attcnu.'itfon  constant,  cosisider  the  case 
of  a  h.azy  d:iy  where  t.he  vlsibSU'y  Is  Ho  2  miles  (code  No.  4  or  5).  The  corresponding 
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aUcnunitbn  consiunts  are  iO.A  «  10"*/cm  to  9.8  ^  ip"®/cm,  ihuch  larger  than  the  value  of 
0.123  « !iO“*/cin  corresponding  to  Rayleigh  scattering  alone,  whicli'was  shown  above  to 
result  i).  a  theoretical  range-of  170  miles.  Even  on  an  exceptionally  clear  .day  when  the 
visibility  is  27  miles  the  attenuation  facto”  is  0.784' ■<  10”®/cmv(compared  to  0.123->'  10"*/cm 
for  Rayleigh  scattering),,  so  in  most  eases  Rayleigh  scattering  is  negligible  compared  to 
pther  attenuating  factors. 

Equation  (3)  Is' based  on  the  ability  to- distinguish' a  blacjt.cbjefj.l  against  a  uniformly 
illuminated  horizon  sky.  Ideally  llie  object  shobld  subtepd'1/2  to  5  decree  in  each  dimen¬ 
sion.  Wooded  ridges  arecfrequently.  used  as  the  black  object,  sincci'they  have  a  very  low 
reflectance  f\nd  therefore  appear  black. 

The  nighttime  vifibliity  of  llghlsds  determined  by  observing  the  candlepower  of  a  lamp 
wlp  Ji  jii.st  disappears  or,  alternately  observing  the  distance  at  wliich  a  lOO-candlepowor 
lamp  is  visible,  hi  either  method  a  table  is  required  to  correlate  the  night  nuige  with  the 
d.ayttnio  visibility  assuming  that  the  atmosphere  was  the  same.  Table  2,  taken  from  Ref.  3, 
relates  the  <lay  and  night  visual  range  for  the  s.anie  atmosphere. 


Table  2 

Comparison  of  Day  and  Niglit  Visual  Ranges 


DayllnioWlsibllUy 

Visual  Range  at  Night  for  Lights  ofw 

1  cp 

wmmm\ 

10®  cp 

27  yd 

38  yd 

53  yd 

70  yd 

87 

55 

■G9 

111 

139 

174 

110 

125 

204 

26? 

347 

220 

226 

37  i 

525 

689 

650- 

451 

829 

1240 

1090 

UOO 

738 

1490 

1-1/3  mi 

2  ml 

1-1/4  mi 

1140 

1-1/2  mi 

2rl/2 

3-2/3 

2-1/2 

1650 

2-1/2 

4-2/3 

7 

4-1/?, 

1-1/4  mi 

3-3/4 

7-1/2 

12 

8-1/4 

1-1/3 

4-3/4 

10 

16 

12-1/2 

1-1/3 

7-1/2 

Ih 

30 

18 

1-2/3 

9 

24 

44  j 

31 

1-2/4 

11 

34 

67  i 

i 

•<iji  ordimiry  lun.'/tit-n  biJb  rated  at  40  watts  has  a  caritiit.,>owor  of  about 
32,  and  a  100-  liuigstrn  bulb  has  a  candl’ipowcr  of  about  100}  a  1000- 
watt  mcrcurv -Xenon  l<imp  has  an  output  of  '2,000  lumens  or  a  candle- 
power  of  5.'!,0>10/-|-  ^  .1100  candles. 
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THE  SPECTRUM 

Factors  v/hich  limit  the  range  in  one  wavelength  region  can  often  bemeglected  in  other 
regions;  therefore  an  examination  ..f  the  spectrum  will  be  made,  starting  at  the  shorter 
wavelengths  in  the  ultraviolet. 

Different  portions  of , the  spectrum  a^e  «isually  assigned  names  as  a  matter  of  conven¬ 
ience.  One  classification  is  the  followir..;  far- ultraviolet  ibclow  2000A-,  middle  ultraviolet 
from  2QOOA  to  3000A,  near  ultraviolet  froin  3000A  to  “lOOC.*.,  and  visible-region  from  “lOOOA 
to  7000A. 


Far  Ultraviolet 

Only  a  brief  discussioi;  is  needed  to  dii'pense  with  the  far  tiltraviolct  region.  The  air 
Is  so  opaque  at  these  wavelengths,  even  over  a.path  length  of  a  few  meters,  that  communi¬ 
cation  is  unlikely.  Onlv  in-lhe  upper  aftsiosphcrci  where  the  absorption  by  Ozone  and  other 
gases  is  small,  would  use  ot  these  wavelcn^fis  be  pracvical.  For; example,  up  to  a  height 
of  12  km  the  radiation  f'ow?  tile  sun  at  wavelengths- below  2900A  is  negligible  because  of  the 
absorption  by  atmospheric  gases.  This  is  illui  trated  by  Fig.  2,  which  shows  the  spectra' 
absorption  coefficient'of  uVj  Jen  to  be  100  crir'  bascc  at  1300A  and  l  cnr‘  'base  c  at  ISOGA. 
At  tile  peak  value,  where  the.absorptlon  coefficient  i&'lBO  enr'"',  radiation  in  passing  through 
I  cm  of  axygen  is  reduced  toil. 7  ,  10~**  of  its  original  value. 

Other  gases  ^so  absoib  strongly  in  the  far  ultraviolet.  Nitrogen  has  weakb.ands  at 
IQOOA  to  1450-A  and  strong  absorption  from  800A  to  100(/A.  Water  vapor  has  ah' absorption 
continuum  from  HSOAto  1860A. 

The  data  for  Fig.  2  were  obtained  (4)  by  measuring  the  transmissions  ot'very  pure 
sahii  6s  of  asygen  and  ozone  at  STP.  When  these  ,^aph^  in  Fig.  2  are  used,  it  is  nccessacv 
to  determine  the  total  amount  of  gas  present  over  the  (Wth  length. 

The  atmosphere  Is  approxiimitcty  21  percent  oxygen;  therefore  tlie  attenuation  coeffi'- 
cient  for  ox>'gen  is  obtained  by  taking. 0.21  o'  the  value  obtained  from  the  grapii  and  multi¬ 
plying  by  thc  p.ath  length  in  the  same  units  for  which  tlie  cor.staiit  is  given. 

Since  tlic  amount  of  dzoncin  ti:e  atmosphere  is  varialilc,  the  total  amount  in  a  horizon¬ 
tal  path  is  not  oo  easily  determined.  This-.s  disemssed  in  more  detail  in  following 
paragraphs. 


Middle  and  Near  Ultraviolet 

The  middle  and  nea**  uitraviol.et  regions., tbal  is  wavci^ngths  lying  roughly  between 
iOOdA  and  4000A,  wllbbe  examined  ne.xl. 

Absorption  by  Ozone  -  A  plot  of  the  absorption  coefficients  for  the.  most  absorbing  gases 
has  been  prcparedTroni  data  in  the  Kaoabook  of'Geophysics  (4)  and  is  shown  in  Fig.  2.  It 
will  be  n<>  ed  that  the  peak  absorption  due  to  ozone  occurs  at  25j3A.and  has  a  value  of-about 
325  cm-’  In  order  to  dc, ermine  the  attenuation  coefficient  per  Im  over  a  horizontal  path 
11  is  nccessary  to  know’  the  amount  of  ozone  in  the  atmosphere  at  the  surfare  of  the  earth. 

The  amount  is  variable,  ranging  from  0  to  0.02  parts  per  roiiiiqn  fppm)  in  the  winter  and 
from  0  to  0  07  ppm  tr.  the  summer  (.5).  Dobson  (6)  has  collected  da.a  from  many  parts  of 
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iVr  oil  {lie  amount  of  ozone  at  various  altitudes  and  climatic  conditions.  It  has  boon 
■iiitncd  that  the  greatest  annual  variations  occur  at  Idgli  latitudes  and  that  in  general 
.e  amount  of  ozone  varies  inversely  with  pressure,  temperature,  and  density  of  the  air. 

Absorption  by  0.\ygen  -  Oxygon,  a  strong  absorber  in  the  far  ultraviolet  has  relatively 
weak  absorption  bands  In  the  middle  ultraviolet.  These  are  the  Herzberg  bands  fi*om  2400A 
to  2600A  as  shown  in  Fig.  2. 

Absorption  by  Other  Gases,  -  Nitrogen  transmits  freely  from  I-ISOA  to  the  visible. 
Carboiivilioxlde  absorbs  weakly  In  the  region  2000A  to  3000A..  Sulfur  dioxide  absorbs 
strongly  from  2700A  to  31G0A,  but  there  is  usually  very  little  SOj  present.  Nearly  all  the 
rest  of  trie  atmospheric  gases  occur  in  fixed  amounts  and  have  neglibible  absorption  in  the 
region  2000 A  to  3  200 A. 


Experimental  D.aia  on  Horizontal  Attenuation 

All  of  the  factors  pertaining  to  atmospheric  attenuation  discussed  so  far  have  been  of 
a  relatively  constant  nature,  permitting  the  attenuation  coefficient  to  be  calculated  for  any 
given  v/avelcngth.  This  is  not  strictly  true  where  ozone  absorption  is  involved;  however, 
the  maximum  attenuation  can  be  determined  from  the  m.aximum.amcuat  of  ozone  prcsc-nt 
ofi0.07  ppm. 

Dunkelnian,  Stewart,  ct  al.  have  measured  the  horizontal  attenuation  of  ultraviolet  and 
visible  light  by  the  lower  atmosphere  at  night  in  city,  desert,  and  sea  almospheres  under 
conditions  ranging  from  fog  to  e.xceptlonally  clear  air.  Their  results  indicate  that  when 
visibility  is  |)oor  the  aticnuntlon  coefficient  may  be  100  limes  the  valun  for  pure  air, 

■Figure  3  roughly  summarizes  the  data  from  Dunkelman’s  (7)  report  in  that  it  shows  the 
mavimum  and  mlnlmunuyaiuos  of  atfcnuritlon  obtained  during  Ihose  measurements.  Tlie  flat 
por'on  of  Iho  curve  between  3000A  and  4500A,  due  to  scattering  by  fog,  would  probably  have 
exte  ided  through  the  whole  spectrum  h.xd  data  been  taken  at  all  wavelengths. 

Fog  particles  are  reported  by  meteorologists  to  have  radii  of  about  10/.  to  100/..  Since 
their  diameters  are  always  larger  than  any  wavelength  in  the  region  2000A  to  7000A,  it  is 
unlikely  that  any  p.artlculai  wavelength  oi  color  of  light  will  penetrate  fog  better  than  any 
other  wavelength  or  color. 


OPTICAL  .MATERIALS  AND  FILTERS  FOR 
THE  ULTRAVIOLET 

Optical  materials  are  usually  categorized  according  to  their  index  of  refraction,  trar.s- 
ir.tttancc,  and  absorbance  or  denshy.  Transmittance  is  usually  express.ed  in  percentage, 
not  corrected  for  surface  reflection.  That  is,  if  a  plate  has  a  tr.ansmittance  of  GO  percent 
and  4  percent  reflection  from  the  front  and  rear  surfaces,  the  total  energy  transmitted  is 
82  percent.  Transmittance  is  defined  as  the  ratio  of  the  radiant  power  tiansmltted  by  a 
sample  to  the  radiant  |x>wcr  incident  when  the  incident  beam  consists  of  parailcl  radiation 
norm.al  to  the  surface  of  the  sample.  Demslty  (acsorbance)  is  the  logarithm  to  the  base  10 
of  the  reciprocal  of  the  traasmtttance. 
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Fig,  3  -  Atmosphci-ic  nttcmintion 
cocfficicnis  mcnsurcd  by  Dunkcl* 
man,  Slowarl,  ot  al.  (7) 


Tli(<  irniismlssioM  of  n  sample  varies  with  its  thickness  in  accordance  with  the  equation 

(C) 


Types  of  Filters 

Filters  can  ho  classified  according  to  their  construction  or  mode  of  operation.  The 
most  common  types  include  solution  filters,  colored  glasses,  gelatin  stained  with  dyes,  and 
interferenno  filters.  Other  types  are  the  selective  reflection  filter,  scattering  filter,  polari¬ 
zation  filter,  and  refraction  filter.  Characteristics  of  the  filters  are  transmittance,  rcficc- 
tion,  sharpness  of  cutoff,  bandwidth,  lcak.agG  outside  the  passbaiid,  and  ixrssibly  .angiUar  field 
of  view. 


Glasses 

Tiie  ability  of  glass  to  transmit  ultraviolet  is  determined  largely  by  its  iron  content. 
Amounts  ns  small  as  0.01  percent  occurring  ns  impurities  affect  the  transmission  of  the 
glass. 

Ordinary  window  glass  1  mm  thick  is  practically  opaque  to  wavelengths  shorter  tlmn 
30POA  (8)  Table  3  gives  the  value  of  the  absorption  coefficient  of  window  glass  for  several 
wavelenidlis.  Using  these  v.a!ues  of  ,  the  curves  of  Fig.  4  were  drawn  for  two  tlilcknesses 
of  wi.idow  glass. 

Pyre.s  (tile  trade  name  for  a  borosllicate  glass  made  by  Corning  Glass  Co.)  is  heat  and 
chemical  resistant  and  has  much  better  transmission  properties  titan  ordinary  window  glass. 
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Table  3 

Absorjiilon  Cocificlent  of  Window  Glass 


Wavc!i.ngth 

(togslroms) 

(enr*) 

•3150 

7;G 

5200 

5.0 

3400 

1.29 

3000 

0.45 

Fii!.  '1  -  rranwnlUttion  of  various  types  anti 
thickness  of  materials 


Referring  to  Fig.  ‘I,  It  Is. seen  that  Pyrex  glass  No.  774  transmits  at  mreli  shorter  wave- 
lengtlis  than  window  glass,  dropping  to  30-percent  transmission  at-about  3000A. 

Other  Pyrex  type  glasses  suitable  for  ultraviolet  transmission  are  Corex  D,  Pyrex 
No.  9741,  .'nid  Vycor  No-  791.  Corex  D  is  useful  for  bulbs  on  sunlamps  as  it  transmits  the 
erythema  or  sun  tanning  wavelengths  which  are  most  effective  at  about  29G7A  wldle  cutting 
out  the  less  dcsir.abic  germicidal  mercurcy  line  at  2537A.  The  most  effective  wavelc.ngtn 
for  germicidal  effectiveness  is  2600A,  dropping  to  very  little  bactericidal  action  at  3200A. 

The  Vycor  glasses  approach  silica  in  their  pipperties  but  can  be  fabricated  at  lower 
temperatures  than  quartz.  A  curve  for  1-mm-thick  Vycor  No.  791  is  shown  la  Fig.  4. 


Quartz 

Quartz,  both  fused  and  crystal,  transmits  in  the  far  ultraviolet  region.  However,  as 
can  be  S’en  from  Fig.  4,  crv'stalline  quartz  has  higher  transmission  than  fused  quartz. 
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Ciyslals 

The  halides  which  transmit  well  in  the  infrared  region  also  transmit  well  in  the  ultra' 
violet.  Calclte  (CaCOj),  fluorhe  (CaFj),  and  rock  salt  (NaCl)  are  often  used  in  optical 
instruments  for  ultraviolet.  A  thickness  of  .several  ccntimcicrs  of  fluorite,  for  e.xample, 
has  50-percent  transmission  at  T860A.  The  absorption  coefficients  for  wavoi...'.gHiS  from 
1860A  to  2800A  are  given  in  Table  4  as  listed  by  Roller  (8). 


Table  4 

Absorption  Coefficients  for  Calcito,  Fluorite, 
and  Rock  Salt 


Substance 

Wavelength 

(Angstroms) 

Absorption 
Coefficient 
(cm"® ) 

Tlilckness  for 
50%  Transmission 
(cm) 

Fluorite 

I860 

0.22 

3.15 

Calcito 

2150 

3.-36 

0.21 

2300 

1.25 

0.56 

2400 

0.58 

1.20 

2500 

0.40 

1.73 

2600 

0.20 

2.39 

2700 

0.20 

3.46 

2800 

0.16 

4.33 

Rock  Salt 

1860 

0.36 

1.93 

2100 

0.26 

2.67 

2310 

0.15 

4.62 

2800 

0.046 

15.1 

Glass  Filters 

A  targe  number  .;f  glass  filter.s  are  commerclilly  available  with  transmissions  of  30 
to  90  percent  in  portions  of  the  ultraviolet  region.  Many  of  these  also  liave  some  trans¬ 
mission  in  the  visible  and  infrared  regions.  The  tr.in&mission  of  a  number  of  colored 
glas'.es  n'anufactored  by  several  companies  is  listed  in  the  H.andlmok  of  Chemistry  and 
Fhysics  (9). 

The  tiansiiiission  of  several  ultraviolet  transmitting  glass  filters  manufactured  by 
Corning  Gl.ass  Works  is  shown  in  Fig.  5.  The  only  one  having  no  transmission  in  the  visible 
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is  ,7-37.  Its  transmission  in  the-<.ilraviolet  lies  between  3200A  and  3900A.  A  filter  used 
frequently  for  ultraviolet  work  is'ithc  7-54,  which  transmits  from  about  2300A  to  4200A. 
However,  it  will  be  noted  that  it  also  transmits  in  the  visible  region.  The  dashed  portions 
of  the  curves  indicate  that  there  is  no  control  of  the  transmission  in  these  regions.  Number 
7-54  is  not  resistant  to  heat  shock,  however,  and  is  affected  some  by  atmospheric  conditions. 


Transmission  of  Weter 

.Although  water  alone  might  not  be  used  ns  ;m  ultr.''.violcl  filter,  it  could  be  used  ns  a 
vehicle  for  other  materials.  Therefore  its  transmission  is  considered  in  this  section. 

ilulburt  (10-12)  found  that  the  absorption  coefficients  for  o.\tremeiy  pure  .water  were 
more  than  10  times  those  calculated  due  to  scattering.  Figure  G  shows  the  absorption 
coefficients  for  pure  water  in  the  region  2000A  to  7000A. 


The  transparency  of  pure  water  in  the  near  ultraviolet  region  is  siiown  by  Fig.  7,  which 
is  a  p'ot  of  the  transmission  of  10  cm  and  ICO  cm  of  water  using  the  absorption  coefficients 
of  Ih'lburt. 
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rig.  8  -  J'hq  spectral  transmission 
of  some  common  plastics 


‘I  ~  rransmission  oi  a  S-cm  p-sth  of  (A) 
CoS0^7iL O  (it)  potassium 

chi  ornate 
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Fig.  7  -  Trunsmission  of  pure  watcs- 


PlasUcs 

Tlio  spectral  transmissioi)  of  several  common  plastics  Is  slio\v»  in  Fig.  0.  These  arc 
all  of  different  thicknesses,  and  this  should  be  taken  into  account  when  comparing  their 
transmittance.  For  example,  compare  the  c.ucul.ited  transmission  of-a  0.003-inch  ihlckness 
of  Saran  (vlnylidene  chloride)  with  the  measured  transmission  of  a  0.003-inch  thickness  of 
polyethelene  .it  2500A.  From  Fig.  8  the  transmission  of  a  0.0005-inch-thick  sample  of  Saran 
IS  80  percent.  From  Eq.  (6)  the  transmission  oLa. 0.003-inch  thicknccs-of  Sarai.  is  found 
to  bo  ‘1-1..5  percent ,  which  is  very  close  to  the  measured  value  of  40  peroei  t  shown  in  Fig. 

8  for  iwlyethelcne. 


Chemical  Solutions 

The  .absorption  of  various  chemical  substances  can  be  found  by  reference  to  the  Inter- 
n  tional  Critical  Tables  (13). 

Kasha  (14)  found  that  a  5-cm  optical  path  of  an  .aqueous  solution  containing  240  grams 
per  liter  of  NiSO^OlljOand  45  grams  per  liter  of  C0SO47H2O  would  transmit  50  percent  of 
the  Incident  radiation  between  2400A  and  3200A,  as  shown  by  curve  A  in  Fig.  9.  Not  shown 
is  a  hump  of  1.5  percent  pe.aked  at  5700A.  Potassium  chromate  (curve  B)  has  a  good  trans¬ 
mission  m.sxin’.um  at  3 130 A,  the  wavelength  of  a  strong  group  of  mercury  lines. 

CXiprlc  sulfate  is  useful  for  removing  the  infrared  in  conjunction  with  filters  wlilch 
separate  the  ultr.aviolet  and  visible.  Its  transmission  is  shown  by  curve  A  in  Fig,  10.  In 
this  same  figure,  curve  B  shows  the  combination  of  a  Corning  7-54  filter  with  a  cupric 
sulfate  coll  for  removing  the  infrared  and  visible. 

Cation-X  (2, 7-dimethyl-3.G-diazocyclohopt,'v- 1,6-diene  perchlor.ate)  in  polyvinyl  alcohol 
films  Is  used  to  tUmin.itc  long-wavelength  resixmse.  The  .absorbance  of  films  of  polyvinyl 
alcohol  Incorporating  cation-X  are  reproduced  in  Fig.  11  from  Ref.  (15). 


Miscellaneous  Filters 

McBride  and  Olsen  (15)  lutve  bumnuanzed  the  present  state  of  the  .art  in  optical  matcri.als 
and  have  included  a  good  list  ot  references  on  this  subject.  They  have  a  very  good  summary 
on  the  prep.irattoa  of  rhemic.al  filters  such  as  mckcl  sulfate  hcx.ahydr.ate  crystals  and  on 
alkali  metals. 
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Fiy.  10  -  Trancraissioi'.  of  (A)  cupric  sulfalu  and  (P)  cupric 
:iulfatc  plus  glass  filter  7-54 


WAVELENGTH (ANGSTROMS) 

Fig.  11  -  Absortamce  of  films  of  polyvinyl  alcohol 
incorporating  cation-X 


The  “G*  filter  was  developed.’jy  White  (16)  to  exclude  all  visible  light  from  a  gallium 
arc  lamp.  This  filter  consists  of  a  sandwich  of  nickel  sulfate  sorbital  complex  between  a 
plate  of  polished  fused  silica  and  a  plate  of  Corex:9863.  A  thickness  cf  3.5  mm  of  the  com¬ 
plex  and  3.5  mm  of  the  Corex  has  a  transmission  of  60  to  74  percent  in  the  region  28bOA 
to  3000A,  where  tl:e  gallium  lines  are  strong.  The  nickel  sorbital  complex  was  developed 
to  obt-aln  a  solid  filter  with  tl'.e  characteristics  of  nickel  sulfate  in  water. 


Interference  Fillers 

Interference  filters  may  either  transmit  or  reflect  light  over  a  narrow  spectral  rajrge. 
A  transmission  filter  cors'st.s  of  two  higiily  reflecting  semitran.sparent  metal  films  sepa¬ 
rated  b'  a  spacer.  The  ..eparnUon  of  the  films,  (which  is  half  a  wavelength  or  a  multiple 
thereof)  determines  the  waveleng*h  of  the  passband.  A  first-order  filter  hai-.  a  separation 
of  luif  .1  wavelength  and  a  bandwidth,  between  wavelengths  where  the  transmission  is  half 
'he  maximum,  of  less  th.an  200A-{17).  A  second-order  filter  ha.s  a  bandwidth  of  less  than 
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iOOA.  Transmission  values  atlhepoak  vary  from '30  to  50:i3crccaL  Interference  filters 
are  availaWo'tfirough  thejegiott  from  24n5A  to  12.00  ‘A.  They  nrc'also  available  willrthe 
transmission  at  themndeslfed  ordprl-tjlocked  out. 

Figure  12'rrom  Ref.  17,  shows  (he  response  of  a  typfcal-'first-order  filter  designed  for 
r  ax'.mum  transnilssion  al  6-190A.  "“he  nianufacturlng  t61'’r0nce.is  iiSOA-ajiii  i.he  hnlf-Width 
a?m.'U£imum  of  200A.  Figure  IS,  Iri  r.i  Ref.  17,  lo.a-spectrop'hplqmetiMc'cur.vo  of  a  typlc.nl 
second-order  filler  fq?  54C6a  having  a  half-width  of  70A.  Note  tliat  tiie.firstrorden  filter 
has  29-porcent  ir.nnsm!ssioii  In  the  .Ultraviolet  at  3460A,  and  the  second-order  filter-  has 
tiiirdrorder  Iransmisslon  of  35  percent  at  3780A.  When  fhC'U  ’dcsired  orders  are  notrblocked 
out,  tliesc  niters  can,  of  course,  bi-  used  as  narrow-band  filter,,  at  any. of  the  orders  which 
arc  transmitted. 


tig.  12  -  Tr.nnH(ni«9lon  of  .n-first- 
ordor  intcrfcrencv  fiUrr 


Fig.  13  -  Tr.nnsinisaioiv  of-.n  second- 
order  incorlcrencO' filter 


When  the  angle  of  Incjdence  of  the  radl.nllon  1.5  not  normal  to  the  filtor  the  passband 
shifts  to  shorter  v/avolongths.  Also  the  passband  bocomes  a  doublet  with  Increasing  sepfe- 
.nlion  as  the  angle  of  Incidence  Is  increased.  A  fiM.t-order  filler  peaked  at  6500A  will  have 
doublets  at  about  G050A  and  6250A  when  the  angle  if  incidonce  becomes  30  degrees.  A 
second-order  filler  might,  for-exainplc,  have  doublnts  which  are  shifted  from  a  single  peak 
al  6500A  for  an  Incident  .angle  of  30  degrees,  to  51:  OA-nnd  S-SSOA  at  CO  degrees. 


DETECTORS  FOR  THE  ULTRAVIOLET 

Diiteclors  loc  the  ultraviolet  include  lhormocov.e',  s,  photocells,  ionizalion  chambers, 
chemical  roactiona,  and  photographic  plates. 


Photographic  Films  .and  Plates 

Photographic  processes  are  most  useful  when  it  <  udesircd  to  'X'Cord  the  spectral 
charactes'istlcf.  of  a  paurcc  or  slgnrd  and  a  suH.abie  spi  ctromctcr  Is  .av.all.ible. 

PiiolograpWc  techniques  might  be  used  during  lh(  dvc.elopincnt  of  a  communications 
svsteni,  but  it  is  not  likely  that  They  will  be  used  In  the  fi'-o.  system  discussed  in  this  rciiort. 
Ther.'forc,  no  further  discussion  is  necessary.  Refei  TCb  IB  cont.aiiis  Information  on  the 
characlcristlc.s  of  ultraviolet  sensitive  films. 
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Thonnocouj^ics 

Thermocouples  rmd  bolometers  are  useful  for  maldng  absolute  measurements  over  a 
wide  range  of  wavelengths.  The-roceiviiig  element  of  a  thermocouple,  thermopile,  or 
bolometer1:an  bt,  blackened  so  thac  it  will  'have  uniform  response  over  any  desired  region. 

The  response  time  of  a  wide-fpectral-range  thermocouple  is  in  some  oases  :'s  lo.'.g  as 
a  second  or-mcre.  The  sensitivity  is  also  poor  compared  to  many  other  types  of  detectors 
.such  as  phototubes.  Havens  (19)-predlcted  that  the  ultimate  sensitivity  or  minimum  detect- 
.ible  power  of  a  thermocouple.or-  Jy''‘3metcr  is  about  ,  3  .  10”'^  A*  ’  r-'  watts,, where 

A  is  the  area-in  mm*  and  *  is  the' time  constant  in  secon'dk  This  sensitivity  is  approached 
within  a  factor  of  2  to  3  in  practk  e  with  some  tlicrmal  devices  dcsigiied  for  specific 
applications. 

When  compared  with  the  spnsitivity  of  a  multipiier  phototube  of  lO"'"*  watts  (20,21),. the 
host  thermopiles  are  alxmt  10,000  times  iess  sensitive  and  have  a  much  longer  response 
time. 


Pliototubos 


Phototubes  and  multirtier  pliototubes  operate  at  wavelengths  of  a  few  hundred  angstroms 
up  through  the  near  infra  .  ed  depending  on  the  type  of  window  material  and  the  cathode 
material.  A  technlquo,  an.alogous  to  overcoating  of  photographic  plates,  can  bo  used  where¬ 
by  tlic  incoming  racliation  causes  the  receiver  to  fluoresce,  emitting  light  to  which  the 
pliotolubc  is  sensitive. 

Thu  efficiency  of  detectors  can  be  given  in  terms  of  the  quantum  efficiency,  that  is,  the 
mimbor  of  electrons  “genoraled"  or  emitted  by  a  detector  per  photon  Impinging  on  it.  Figure 
M  shows  the  quantum  efficiencies  for  a  number  of  photosensitive  cathodes  (reproduced 
from  a  chart  by  International  Telopliono  and  Telegraph  Co.,  fort  Wayne,  Indiana^  The 
spec'ral  resiionse  of  the  surfaces  is  also  shown  in  units  of  amperes  per  wait. 


An  Idea  of  the  sensitivity  of  a  photo  detoebn-  can  be  gained  by  first  assuming  that  each 
quantum  releases  one  electron.  In  this  c.aso 


nmix'res  lo’o- 
wn 11  Uc 


in-'‘ 


(7) 


whore  <<  is  the  electronic  charge,  1.C02  »  lO'*'*  coulomb,  '  is  the  w.avelength  In  angstroms, 
!i  is  Planck's  constant,  C.G25  ■  10'^’  erg  sec,  and  c  is  the  velocity  of  light,  2.99  .  lO'" 
angslroms'/scc.  Defore  the  photoelectric  effect  can  t.ake  place,  the  plioton  must  impart 
enough  energy  to  the  electron  to  overcome  the  work  functior  of  the  photo  surface.  The 
resulting  quantum  yields  arc  the  order  of  1  to  12  percent  to.'  the  common  surfaces,  as 
shown  on  Fig.  H. 

The  adv.anlago  of  multiplier  phototubes  over  diode  .  notolubes  is  mainly  ilie  reduction 
o!  noise  obtainable  with  .r  iimlliplicr  type  compared  to  tlial  of  .a  phototube  and  an  amplifier, 
""ho  current  amplIfic.aUon  of  lubes  with  nine  and  ten  dynode  siagen  Is  from  alxiul  10'  to 
2  10'-, 


The  eauivaicnt  noise  Input  of  a  pho’c*'  'lo  Is  the  incident  flinc  which  when  modulated  in 
a  stated  manner  produces  an  rms  outpu*  current  equal  to  the  rms  noise  current  within  a 
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specified  bandwidth.  For  a  IP28'  multiplier  phototube,  which  has  an  S-5  response  and  nine 
stages,  the  equivalent  noise  inp,.L  is  7.5  lumens  with  a  square  wave  modulated  source 

at  2870'’K  and  a  1-cycle-bandv  itfth  amplifi.  ' .  Wlieir  monochromatic  radiation  at  2537A  l.<? 
used  in  the  measurement  ('m  ,,Jace  ot  the  28  J0°K  tungsten  source),  the  equivalent  noise  input 
Is  8  "  10*'®  w.atts.  This.  IS  tbout  w'lat  one  would  expect,  since  a  lumen  is  0.00147  watt  at 
the  peak  sensitivity  of  the-a'  e,  near  SCOOA,  and  the  1P28  is  slightly  more  sensitive  in  the 
middle  ultraviolet. 

The  slgnal-lo-ur"b.e  ct.e  be  'ir.proved  by  i.  factor  of  100  by  cooling  the  tube  witli  liquid 

air. 


ihiving  dote  fiuned  that  the  m  wmum  deteclable  signal  for  a  1P28  multiplier  is  about 
8  •  10'  ^  watts,  we  might  v.'.sh  to  know  the  magnitude  of  the  output  signal  for  a  given  ainount 
of  radiation,  ’teferr.ng  to  the  data  sheet  for  tnis  tube  one  finds  that  with  lOUO  volts  distrib¬ 
uted  equ-ally  ,100  volts  cmcIi)  between  the  cathode  .and  fivst  dynode,  between  each  succeedbig 
dvnod?  st.a-e,  and  lo'wtcn  the  dynode  .and  .anode,  the  sensll'vity  to  radiation  .at  3<'00A  is 
61,800 -auipA  watt. 
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This  figure  can.^so  be  ileler mined  approximately vby  fr  JLT.lyjng  theiCaLhode  sensitivity 
by  the  current  amplilication.  Por  the  lP28'the  cathode  s.c-ns*itU  r.j  ijs,0j05,.atnp/(»\vatt  and 
the  gain  is  1.25  x  lb®;  hence  the  sensitivity  is  O.05  <  1.2S  »  iC®  -562',-)bb>amp///,watt. 

The  sensitivity  of-a,type  935  vacuum  phototube,  which  a'so  at  an-S-O  rospaisc,  Js.-given 
as  O'.O-JSpamp/^i.wait  with  250  volts  on  the  anode.  Thus  it  can.5>S'Si.'vnilliat  th.c  r 

tube,  besides  providing  a  large  output  signal  with  a  low  noise  lev"!,  t.as  nioresef.tlcSenl 
coupling  between  the'Cathode  and  dynode  than  does  the  didde  to  it's  om put: toad  tesistor  by 
a  factor  of  0.05/0.043. 

For  absolute  measurements  each-tube  would  have  to  be  individually 'C'>.lbroted,  since 
all  the  values  quoted  are  merely  typical  o(  a  partlcul'ar  type  of  tube,  iii'rvv'cc-ace  to  Fig. 

H,  the  S-4,  S-5,  S-9,  S-ii,  S-17,  S-19,  and  S-21  cathodes  are  cesium-antim 
finished  tubes  vary  in  the  manner  in  which  the  cathode  is  processed,  whethei..iuis-opaque 
or  semitransparent  and  the  type  of  envelope  material, -thereby  resulting  in  the  dl.’ferent'fypes 
ofresponses. 


“Solar  Blind”  Receivers 

Tull  advantage  can  not  be  taken-' of  the  high  sensitivity  of  multiplier  piiolotubps  when  they 
are  used  in  daylight,  .since  they  are  easily  saturated  bv  the  ambient  light.  This  has. led  to 
the  development  of  “solar  blind”  cells  for  use  In  the  ultraviolet  region. 

For  use  In  the  middle  ultraviolet  the  most  promising  photocathodes  are  cesium  tellurloe 
and  rubidium  tellurldo.  The  curve  marked  UV  in  Fig.  14  has  this  type  of  cathode.  The  long- 
wavelength  cutoff  of  *,icse  “solar  blinds”  is  not  sharp  enough  to  completely  eliminate  their 
response  to- sunlight- at  ground  levels  as. evidenced  by  measurements  of  Dunkolman,  Hennes, 
and  Fowler  (22).  They  found  that  the  radiation  at  2537A  nouassary  to  give  the-same  signals 
as  full  sunlight  varied  from  6.^7  x  lb~®  to  1.7  x  10-s  w.atts/cm^  for  three  diode  phototubes 
and  me  multiplier  phototube,  all -wllh  Cs-Te  cathodes. 


Photon  Countori  and  lun  Chambers 

Photon  counters  and  Ion  chambers  are  simple  and  c  impact  and  have  great  sensitivity 
They  can  be  dcsl  xned  for  operation  at  almost  any  wavelength.  The  properties  of  these  two 
types  of  detector&  arc  reviewed  by  Friedman  (23)  and  in  the  literature.  Since  this  report 
docs  not  cover  th<''f.ir  ultraviolet,  these  detectors  will  not  be  clalx>ratcd  on  here. 


Chemical  DotooMon 

Two  chemlcaPmeiiiods  of  defecting  ultraviolet  radiation  li.lve  been  compared  with  results 
obtained  with  photoelectric  methods  (24)  with  good  result's.  Chemical  mctfiods  arc  more 
applicable  to  experimental  work  and  will  n)t  be  discussed  here. 


SOURCES  OF  RADIATION 

Because  of  the  difficulty  of  gcneratlw:  high  power  monochromatic  radiation  In  the  ullra- 
vlnlot  region  the  sources  discursed  Ir'this  section  include  those  having  considerable  output 
in  the  visible  and  Inlraied  regions. 
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Incandescent  Sources 

The  total  radiation  at  all  wavelengtlis  from  a  lieatcd  body  is  well  represented  by  tlie 
Stela..- Boltzmann  law. 


«■  ALT'*-!'-') 


(8) 


where  =  5.G7  ■  10*'*  watt  cm*^  deif'  for  a  perfect  blackbody,  A  Is  tlie  area  In  cm^,  T 
Is  the  absolute  tcinperaturo  of  the  radiator,  and  T,,  i.s  the  absolute  temperature  of  sur- 
rjuiidlncs.  It  Is  easily  verified  that  ns  the  temperature  of  the  body  is  raised  the  radiated 
cncri,7  Increases  Mt  a  rapid  rate  because  of  tlie  fourtli-powcr  relation 

The  spectral  distribution  of  energy  from  a  true  blackbody  can  be  determined  from 
Planck's  formula, 


wliere  c ,  is  determined  by  the  units  and  incremental  bandwidth  desired  and  is  coual  to 
1,177  10  watts  per  cm^  per  unit  solid  angle  per  cm  interval. 


To  convert  c,  to  other  conditions  use  the  form  (25) 


l‘l  •onstniil 


( «.-)vrlrin!tli)^  *  |>o»it 
.ircii  •  ««vc|inRlli  inlcrvnl 


Thus,  for  the  radi.ation  from  one  side  of  a  surface  of  a  1-cm-arca  blackbody  with  the 
w.ivcIenKtli  c-xpressed  In  microns  and  the  wavelength  Interval  equal  to  0.1  >  > 

1. 177  •  ■  lt>  >^  ■  (  in'*)'  ».UIs 


In'  pi-r  >1'  il  n.ii..  (11) 

Since  i  ,  l,‘ia2  cm  deg,  then  if  wavelength  is  expressed  in  microns,  Cj  would  become 
1‘1,1«20  deg. 

The  siilid  curve  of  Fig.  15  slwws  the  radiation  from  a  3000  K  blackbody.  It  will  be 
imted  from  the  other  curves  on  this  figure  that  as  the  tcmperatu.-c  Is  lowered  the  total 
output  dri.ji.s  and  the  ,)/  .ak  of  the  curve  shPSs  lo  lunger  wavolenirtlcs.  The  peak  ladiation 
tii'iurs  .It  a  wavelenigli  determined  by  tlie  equation 

I  I.)’  (12) 

Fur  the  3000  K  source  the  pc.ik  radiation  occurs  at  0,903  -  and  for  the  1000  K  at  2.89,. , 

Uitti  in  the  iiifrarid  region. 

B-,  uslDu  Planck's  equ.itlun,  or  mote  conveniently,  by  use  ol  tables  prepared  by  Lowan 
anc  Dianiii  v2G),  the  p-  rvcr.t  ..f  enei.w  in  any  spectral  interval  can  be  determined.  With  a 
3L\>0  K  suun  c  0.2  percent  of  the  total  energy  '»es  in  the  ultraviolet  region  between  OA 
and  4000A.  About  8  percent  is  In  the  visible,  and  the  remainder  is  at  longer  waveler.tdhs. 

Tvpual  operatiiig  temper.«lures  ol  common  types  of  inca'idescent  lumps  are  listed  by 
K'dUt  iHi.  Th.  highest  ,jj«er.itiiig  temperature  ol  a  standard  lamp  is  2990  K  for  a  lOOO-watt 
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Fig.  15  -  Blackbocly  radintion  fvoin 
Koiircusat  tcmporilurcs  of  lOOO'K, 
<;000'K,  and  3000°  K 


bull).  The  tot.il  tillr.nvlolel  oiitpiil  Is  3.27  w.!Us  or  0.33  porconl.  nolwoon  waveloiiBtlis  of 
3800A  iiiid  7C00A,  tlic  visible  region,  the  output  is  185  w.itts. 


Mercury  Arc  Lamps 

.Mercury  aius  provide  a  fairly  efficient  n>'<;!t.ns  of  generating  ultraviolet  radiation 
because  of  the  largo  number  of  siiort-wavelength  lines  in  the  mercury  spectrum.  Table  5 
lists  the  ultraviolet  emission  lines  of  mercury.  There  are  several  strong  mercury  arc 
lines  in  tlie  visible,  at  wavelengths,  longer  than  these,  wliich  are  not  listed  in  the  table. 

Mercury  arcs  are  characterized  as  being  low  pressure  or  high  pressure,  and  althougli 
al  the  mercury  lines  are  present  in  all  mercury  arcs,  tlic  strength  depends  on. the  pressure, 
which  Is  ill  turn  a  function  of  temperature. 

Typical  higli'prossure  ac  opor.ated  mercury  a«  v  lamps  are  the  Uvlarc  and  GE  ll-d. 

When  Ihe  Uvlarc  is  operated  with  OGO  watts  Input,  the  output  .at  wavelengths  less  than  3800A 
Is  118.0  watts.  Table  8,  compiled  from  data  on  p.  38  of  Ilcf.  8,  ".sis  the  spectral  distribution 
of  eni-rgv  from  the  Uvlarc.  The  spectral  distribution  of  energy  for  a  250-watt  {UA-2)  Uvlarc 
lamp  is  also  given  in  Ref.  8.  The  spectrum  is  similar  to  tliat  in  Talile  fi. 

T)' »  Uviarc  lamp  has  a  thermionic  cathode  for  starting  the  arc  and  to  make  ac  operation 
li<is»iblc.  Rather  tlian  liavliig  an  e.xcess  pool  of  mercury,  a  limited  amount  is  used  so  that 
it  Is  rompicteiy  ionized  in  operation.  This  makes  the  pressure  relatively  Insensitive  to 
ambient  temperature  cianges. 


Mercury  Vapor  Sunlamps 

A  s  iiiiaiiip,  as  its  name  Impltes,  is  oiif  whose  output  i  eseinbles  tliat  of  tlie  .sun  on 
clear  ilj\.  bince  they  are  used  primarily  for  an  erythcmal  reaction,  the  output  below’  280QA 
Is  filtered  out.  The  S-t,  •iOO-watl  sunlamp  radiates  7,7  watts  between  2800A  and  3800A  and 
4S  watts  It)  the  visible  region  between  3S00A  and  7G00A. 
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Table  5 

Ultravlolcl  Emission  Lines 
of  Meicury 

(Wavelenfrtbs  in  Ajigslroms) 


1269.7 

2399.4 

3021.50 

1527 

2482.7 

3125.6 

1592 

2534.8 

3131.56 

1599 

2536 

3131.84 

;  1650 

2652 

3341.48 

1677.9 

2698.9 

3850.15 

.  1783.3 

2752.8 

3054.83 

1798.7 

2803.5 

3602.87 

1849 

2847.7 

3003.27 

1942 

2893.6 

3900.4 

2224.  •( 

2907.28 

3983.99 

2378.3 

.4046.50 

Xenon  and  Mercury-Xenon  Lamps 

High  pressure  arc -lamps  of  various  wattages  for 
operation  on  ac  and  dc  arc  also  available  from  Kanovia 
Chemical  and  Manufacturing  Co.  The  types  l;•;*Cv1  in 
their  bulletin  are  given  in  Table  7. 

The  energy  from  these  lamps  is  radiated  as  both 
a  continuum  and  as  lines.  The  total  radlatcL  power 
from- the  1000-watt  mercury-xenon  lamp  is  480  w.atts 
for  the  spectral  range  2000A  to  14,000A.  Heat  from 
the  quartz  envelope  and  the  tungsten  electrodes 
accounts  for  much  of  the  Infrared  radiation,  .which 
extends  to  alxrut  50,000A.  A  table  of  the  spectral 
distribution  is  shown  In  Table  8.  It  is  seen  from  this 
table  that  14  percent  of  the  r.adlixtcd  energy  is  in  llic 
uUr,avlolct  region  from  2800A  to  4000A„40.5  percent 
is  in  the  visible  from  400bA  to  7000A,  and  45.5  percent 
is  la  the  infrared  from  7000A.to  14,000A.  This  Ignores 
a  small  amount  at  longer  wavelengths.  Note  th.at  the 
greatest  amount  of  energy  over  any  snuill  region  is 
r,adiatcd  by  the  line  spectrum,  the  strongest  one  being 
at  5790A  in  the  visible. 

The  xenon  compact  arc  Is  somewhat  less  efficient 
than  the  mercury-xenon  arc,  tuiving  an  output  of  280 
watts  for  1000  watfs  input  in,4he  region  2000A  to 
14,OOOA.  The  distribution  of  eneri;y  is  much  different, 
ns  shown  in  Table  9.  Here,  only  4.6  percent  is  in  the 
Ultraviolet,  23.8  percent  is  in  the  visible,  and  71,6 
percent  is  in  the  infrared  region. 


Low  Pro.s.suro  Mercury  Arc 

Mercury  arc  tamps  operated  at  low  pressures  radiate  the  mercury  resonance  line  at 
2537A  almost  to  the  exclusion  of  all  others.  At  low  pressures  the  mean  free  path  is  longer 
than  .u  high  pressures  and  the  probability  that  atoms  will  radi.ato  at  the  resonant  frequency 
before  collision  with  high  energy  electrons  is  large. 

Childs  (27)'has  investigated  a  low  pressure  mercury  arc*  as  a  calibration  source.  He 
found  th.it  92  perreiit  of  the  output  orlgimited  in  the  2537A  mercury  resonance  line.  At  1 
meter  the  2537A  irradiance  was  3.9  -  watt,  cm^  The  Irradlance  changes  less  than  2  percent 
fur  |)ower  supj.iy  variations  fron,JQ3  to  130  volts  ac,  environmental  temperatures  of  19. 4*0 
and  26.8  C,  and  ambient  air  flows  of  11. ?  and  14.7  cm/sec.  Alter  16  hours  of  operation 
there  was  no  decrease  In  the  output. 


•Mo-li'l  II  ?C-1,  DIack  L>xh<  Eastern  Corp.,  Port  Washington,  L.  1.,  N.  Y, 
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Tabic  6 

Distribution  of  Radiation  from  a  Mercury  Vapor 
Arc  in  Quartz  (Uviarc  Lamp) 


Wavelength 

(Angstronu) 

Energy  Radiated 
(watts) 

Milliwatts/cm  ^  j 
1  meter  from  Arc  i 

.  ..  -t 

6234 

1.7 

O.Ci? 

5700 

31 

0.31 

5460 

22 

0.22 

4960  and  435$ 

20 

0.20 

4(H5  and  3906 

17 

0.17 

3660 

35 

0.35 

3341 

.3.9 

0.039 

3130 

24 

0.24 

3025 

12 

0.12 

2967 

0.05 

2925,  2893.  aid  2303 

4.5 

0.043 

2752  and  2700 

2.8 

0.028 

2652 

8.4 

0.084 

j  2571 

3.4 

0.034 

2537 

s 

0.090 

1  2482.  2400,  2360,  and  2300 

8.4 

0.084 

1  1942  and  1849 

2.2 

« 

0.C22 

High  Volume  Lamps 

Mercury  "d  sewn  lamps  to"  e.vperirne'.tal  studies  were  described  by  Dacey  and 
Hodgirs  (28*.  She  aa,'rcury  lamp,  operating  at  6000  volts.  100  ma  ac,  radiated  6  •  10** 
quanta  per  second  at  l8r*«.V  The  seror.  lamp,  rperating  at  5000  volts  at  120  ma.  also  on 
60-cps  ac.  radiated  1  iO'*  quanta  per  second  below  M70A- 
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Table  8 

Spectral  Ener^^y  CHstributlonbl  Xfflon«Mcrcury  Compact  '’mc  Lnmpr 


1  spectral  Ibingc 

1  OVigstroms) 

Pcrceni 

Lines 
(11  .any) 

^ectral  Range 
(Angstroms) 

Percent 

I.Incs 
(11  any) 

1  Ultraviolet 

7700  to  7800 

0.600 

- - - 

7800  to  7900 

0.591 

2000  to  2100 

o.otc 

7900  tc  8000 

0.592 

2100  to  2200 

0.1  SO 

. 

809010  8100 

0.537 

. 

"200  to  3300 

0.331 

'  i 

8100  lo  8300 

0.478 

3300  (0  3400 

0  :45 

8200  to  8300 

i.roo 

8256  Xu 

2400  to  2S00 

0.595 

3462  Hi: 

8300  lo  6400 

0.508 

. 

2500  to  2000 

0.577 

2537  Hg 

8400  lo  8500 

0.506 

. 

2000  to  2700 

0.803 

2052  llg 

8500  to  8600 

0.480 

. 

2700  to  2600 

0.5SC 

. 

8600  lo  8700 

0.508 

. 

3800  la  3000 

0.7C6 

2804  llg 

8700  to  8800 

0.511 

> 

2000  to  3000 

1.060 

2907  Hg 

8800  lo  8900 

1.230 

8819  Xc 

3COO»a310Q 

1.340 

3025  \hl 

8900  Ic  9000 

0.077 

8952  Xc 

9100  to  3200 

1.880 

3130  llg 

90001(1  9100 

1.000 

9041  Xe 

3300  In  3300 

0.060 

. 

0100  to  0200 

1.230 

9162  Xo 

3f00  lo  3400 

I.3I0 

3341  Ilg 

9200  k<  9300 

0.512 

m 

9400  to  3S00 

0.080 

D300io  9400 

0.735 

9314  Xc 

3;>00  to  3G00 

1.020 

9400  lo  0500 

0.432 

- 

3000  lo  3700 

3.650 

3600  llg 

OSOiUo  9600 

0.755 

9513  Xo 

3700  to  3600 

1.000 

• 

oeo-llo  9700 

0.480 

- 

3800  lo  3000 

0.880 

{  9700  lo  0800 

0.478 

. 

3000  lo  4000 

0.725 

- 

9800  lo  9900 

1.173 

9800  Xe 

9900  to  lUUOO 

1.200 

9923  Xo 

10000  lo  lOlOO 

0.462 

. 

1  4000  to  4100 

2.730^ 

4045  Ifg 

lOlOO  lo  10200 

2.358- 

10140  Hg 

1  4100  to  4200 

0.070 

10200  lo  10300 

0.453 

1  4300  lo  4300 

0.030  . 

• 

10300  lo  10400 

0.453 

1  4300  lo  4400 

3.363 

4358  llg 

10400  lo  10500 

0.452 

1  4400  lo  4300 

0.572 

. 

10500  to  lOOOO 

0.528 

4500  lo4C00 

0.572 

• 

lOCDO  to  10700 

0.43G 

4C00IO  4700 

0.540 

. 

10700  10  lUUOU 

0.426 

4700  lo  4300 

0.516 

• 

10800  lo  10900 

0.417 

!  4600  lo  4900 

0.526 

. 

10900  tu  11000 

0.460 

1  4000  lo  3000 

0.723 

4vl0  Hg 

11000  lo  11100 

0.405 

1  5000  lo  5100 

0.580 

• 

11100  lo  11200 

0.405 

1  5100  to  $200 

0.644 

11200  to  II300 

1.292- 

'  5200  to  5300 

0.776 

11300  lo  11400 

0.388 

'  5400  lo  5400 

0.905 

11400  lo  11500 

0.384 

54o0  lo  5500 

6.780 

5401  llg 

11500  lu  IICOO 

0  379 

5500  lo  5600 

0.932 

• 

11600  lo  11700 

0.374 

.  5000  to  5700 

0.012 

. 

11700  lo  11800 

0.362 

5700  to  3800 

8.000 

579011k  ! 

11800  lo  (1900 

0.358 

5800  lo  5900 

0.800 

.  ' 

11900  to  12000 

0.354 

. 

,  5900  tii  6000 

0.766 

. 

12000  to  12)00 

0.34G 

.  woo  lo  0100 

0.775 

12100  lo  12200 

0.342, 

6100  tu  6200 

0.775 

• 

12200 to  12300 

0.613* 

6200  to  6300 

!  0.782 

12300(0  12100 

0.332 

6300  to  6400 

I  0.782 

12400  to  12500 

0.328 

1  « 

MOO  to  6500 

'  0.786 

-  1 

12500  lo  12600 

0.322 

6500  lo  6600 

,  0  736 

12600  lo  laTOO 

0.318 

Cf  00  lo  6700 

0  7«e 

12700  lo  12800 

0.314 

1 

6700  lu  6«00 

,  0.820 

'  -  i 

i  12800  lo  12900 

0.308 

m 

6800  lo  6900 

i  0.840 

1  - 

1 12900  lo  13000 

0.308 

i 

1  6300  10  7000 

0  847 

- 

{ 13000  tu  13100 

0.305 

!  - 

.  13100  to  I3?r)6 

n  391 

700fi  to  7100 

!  0.835  ^  -  • 

1 13300  lo  13400 

0.292 

1 

’loo  b.  7200 

:  0.824 

1  - 

1 13400  to  13500 

0  29ft 

1 

7200  In  734^1 

>  0H25 

1  -  i 

1  ISJoOlo  13(4)0 

1.290' 

73.»i  I..  7400 

!  0 

V  ' 

i  13600  U.  13700 

»  0.2«7 

i 

[  74»M!..7'><Ki 

'  0  725 

i  ■ 

;  13700  to  13K0O 

1 

J 

"'t*-*  tn 

’  OCf-O 

1  .  1 

iiHooi-, 

1  0  2'') 

1  7» 'H'<  I,,  ?7<>0 

,  M«27 

i  -  J 

j  133001.*  14000 

1  0.27m 

!  - 

1.  -  11  ^ 
*H,  .  I.  ’4  \ 

..  1  «'  \ 
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Table  9 

Spoetriil;Cncrgy-Ms(rlMleA  oi  Xenon  Compact  Arc  I^mps 


^X'Ctrat 

(Angstrdhis) 

I'crccm 

Xe  Unt!i 
(11  any) 

I  Ultraviolet 

^000  to  2100 

0.016 

. 

2100  to  2200 

0.076 

• 

2200  to  2300 

0.036 

2300  to  2400 

0.031 

2400  to  2S0C 

0.064 

2300  to  2000 

0.107 

2600  to  r.700 

0.123 

2700  to  2800 

0.149 

2800  to  2990 

0.203 

2900  to  3000 

0.237 

3000  to  3100 

0.230 

3100  to  3200 

0.242 

3200  to  3300 

0.271 

3300  to  3400 

0.287 

3400  to  3300 

0.282 

3300  to  3000 

0.420 

3COO  to  3700 

0.432 

3700  tu  3800 

0.470 

3800  to  3900 

0.303 

3903  to  4000 

0.340 

1  Visible 

4000  to  4103 

0.570 

4100to<i’00 

0.617 

4200  to/4300 

0.641 

4300  to''4400 

0,660 

4400  to  s\Su0 

0.669 

4300  to  4000 

0.752 

4501,  4325 

4000  to  4700 

0.925 

4624 

4700  to  4800 

0.809 

4734 

4800  to  4900 

0.732 

4929 

4000  to  5000 

0.738 

4923 

3000  to  3100 

0.718 

5109  to  5700 

0.738 

3200  to  3300 

0,720 

j  3300  to  3400 

0.718 

!  3400  to  3300 

0.694 

1  3300  to  3600 

0.682 

1  3600  to  5700 

0.CC8 

1  3700  to  3800 

0.727 

1  5800  to  3900 

0.807 

3900  to  6000 

0.833 

1  6000  to  6100 

0.875 

6100  to  6300 

0.882 

1  6200  to  6300 

0.802 

1  6100  to  6400 

0.807 

6400  to  6300 

0.935 

6300  to  6600 

0.935 

6600  to  6700 

0.973 

6700  to  6800 

0.975 

6800  to  6900 

0.07S 

6900  to  7000 

0.983 

1  Infrared 

1  7000  to  7100 

0.980 

i  7100  to  7200 

0.943 

7900  Irt  7300 

0.861 

73.XI  to  7400 

0.867 

7iiX)  to  7:'i>0 

0.877 

7500  W  TeCK*) 

n.84S 

. 

7600  7700 

0.830 

. 

_ _ _ 

_ 

- 

^eciral  Ilangp 
(Angstroms) 

Percent 

Xc  Lines 
(14  any) 

7700  to  7600 

0.823 

7800  to  7900 

0,791 

7900  to  8000 

0.014 

6300  to  8100 

0.622 

8100  to  8200 

0.854 

8200  tu  8360 

2.020 

8231,  8280 

830010  8400 

0.900 

8346 

8400  to  8300 

1.070 

8409 

8500  10  8600 

0.573 

. 

6600  to  8700 

0.388 

. 

8700  to  8800 

0.C46 

• 

8800  to  8900 

1.110 

8819 

8993  to  9000 

2.760 

8932 

9000  to  9100 

1.700 

9045 

DIDO  to  9200 

2.410 

9162 

(121)0  to  9300 

0.652 

. 

0300  to  9400 

2.680 

9374 

9300  10  9300 

0.712 

. 

9500  lo  9600 

2.020 

0513 

9600  10  9706 

0.720 

. 

9700  to  91100 

0.750 

0800  lo  9600 

2,480 

0800 

0000  to  lOOOO 

4.210 

9923 

10000  lo  lOlOO 

0.080 

10100  lo  102<)0 

0.018 

10200  to  10314) 

0.809 

10300  lo  I040Q 

0.848 

10400  to  10503 

0.930 

10:>DO  to  1060) 

0.023 

lOCOO  lo  10700 

0.887 

10700  to  lOSOO 

0.897 

10800  to  10900 

0.993 

10900  lo  11000 

1.000 

IIOOO  lo  11100 

1.043 

11100  to  11200 

0.995 

11200  10  11300 

0.D40 

11300  to  11400 

0.809 

11400  to  11500 

0.781 

11500  to  11600 

0.754 

IlCOO  lo  11700 

0.733 

11700  to  MROO 

o.7:tft 

11800  to  11000 

0.773 

11900  to  12000 

0.892 

12000  to  12100 

0.867 

1210010  12200 

0.771 

12200  to  12300 

9.698 

12300  to  12400 

0.883 

12400  10  12300 

0.669 

12300  lo  12600 

0.69! 

12600  lu  12700 

0.697 

12700  to  12800 

0.716 

12800  to  12000 

0,786 

12900  lo  13000 

0.798 

13003  to  13100 

0.713 

13100  to  13200 

0.648 

.3200  to  13300 

0.618 

13300  to  13400 

O.C<6 

134tv  to  13500 

0.612 

13590  to  ’.5600 

9.610 

13600  tu  1370.7 

0  UMt 

13700  to  13600 

0.605 

138r^  (n  13900 

0.500 

13000  t'>  14000 

0.578 
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The  Gallium  Lamp 

White  (16)  described  in  detail  the  construction  of  a  gallium  arc  lamp  with  a  large  per¬ 
centage  of  the  output  in  the  ultraviolet.  The  lamp  is  filled  with  pure  gallium  iodide  and  a 
gas  mixture  consisting  of  20  mm  cf  argon  and  5  mm  of  neon.  It  is  energized  from  a  trans¬ 
former  having  an  open  circuit  voltage  of  1500  volts  and  operates  with  a  current  of  about 
25  ma. 


The  spectral  distribution  of  the  energ>’  radiated  by  the  lamp  is  listed  in  Table  10.  The 
gallium  arc  lines  are  also  shown  in  this  table.  The  mosUintense  lines  in  the  ultraviolet  are 
at  2874A,  2943A,  and  2944A.  The  most  intense  lines  radl.ated  are  at  4032A  and  4172A. 


Table  in 

Spectral  Distribution  of  Energy  from  a 
Gallium  Arc  Lamp 


Wavelength  B.ind 
(Angstroms) 

Mllllw.atts/Steradian; 

Gallium 
Arc  Lines 

2448  to  2472 

0.3 

2450 

2472  to  2498 

0.1 

2498  to  2524 

0.5 

25J)0 

2524  to  2550 

1.5 

2550  to  2607 

0.0 

2607  to  2639 

0.8 

2639  to  2671 

0.5 

2659 

2671  to  2705 

0.04 

2705  to  2741 

0.7 

2719 

2741  to  2854 

0.0 

2854  to  2897 

4.7 

2874 

2897  to  2921 

0.2 

2921  to  2968 

9.1 

2943 

2944 

2968  to  3018 

0.03 

3018  to  3601 

0.0 

3601  to  3696 

0.07 

3696  to  3798 

0.02 

3798  to  3909 

1.2 

3872 

3876  to  3989 

6.1 

3989  ta  4110 

19.1 

4032 

4110  to  4244 

18.1 

4172 

4244  to  4391 

0.08 

4391  to  5232 

0 

5232  to  5512 

0.07 

5360 

5512  to  5835 

0.02 

5835  to  6215 

0 

6215  to  6672 

0.07 

6672  to  7210 

O.P'^ 

7105  to  7760 

0.2 

7760  to  8545 

0.6 

8848  to  9418 

0.5 
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When  I  Ills  lamp  is  covoreS  by  a  “G”  filter  (IG),  it  is- invisible  to  the  unaided  eye  beyond 
5  to  10  yards.  With  a  2-inch  or  a  S-inch  metascope  using  ultraviolet  phosphor-tiuttons  it* 
can  be  soon  clearly  at  I  mile  and  possibly  2  miles  on  an  averagoiclear  night  (atihu.spheric 
transmission  -lO  percent  per  mi'e  (16)). 


The  Magnesium^Spark 

intense  pulses  of  ullravidet  radiation  can  be  generateu  ir.'tho  magnesium  higli  voltage 
spark.  A  high  voltage  is  discharged  between  magnesium  electrodes  in  air,  cai  bon  dio.xide, 
or  other  gases.  Either  ac  or  dc  operation  is  feasible.  The. output  from  the  .magnesium 
spark  consists  mainly  of  the  four  lines  2791  A,  2796A,  2798A,,an{{  2803A. 


The  Carlvin  Arcs 

By  using  specially  coved  carbons,  high  intensity  outputs  in  the  ultraviolet  region  are 
attainable  with  carbon  arcs.  Figure  1C  shows  tlie  Spectral' distribution  of  energy  troin  a 
carbon  arc  using  cored  carbons  designated  as  b-carbon’>.  This  arc  was  operated  from  an 
ac  source  and  drew  GO  amperes  with  50  volts  acro.ss  Ihe  arc.  Both  ac  and  dc  operation  of 
the  carbon  arc  Is  possible.  With  dc  operation,  only  the  positive- carlxm  Is  cored. 


Fig.  16  -  Spectral  distribution  of 
energy  from  a  carbon  rue  with 
U-carbon  electrodes 


Ga.scous  Discharges 

A  unique  type  of  gas  diftcharge  lamp  (20)  was  developed  at  Northwestern  University  for 
use  in  a  inilscd-limc  inodulsitioii  system.  Tubes  filled  with  nitrogen  at  approximately  10  mm 
Ug  emitted  the  second  imsltivo  nitrogen  bands.  Fia.sh  durations  were  the  order  of  0.1 
microsecond  at  repetition  rates  tp  to  100,000  per  second.  Doth  Intel nal  and  external  elec¬ 
trodes  wore  used.  A  tube  filled  with  10  mm  llg  tank  nitrogen  and  flashed  with  8  kv  at  4  ma 
emits  band  spectra  from  alxiut  2200A  to  5000A.  Special  circuits  were  required  to  prevent 
the  dlsclt.'irge  from  being  cuntinuous. 


'  I’r!  t.ari-'i  by  Nalion.ll  Ci’-bon  Co. 
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III  Other  experiments  on  gaseous  discharges,  lUchardson  (30)  used  gas  filled  tubes 
without  electrodes.  The  gases  were  excited  by  colls  around  the  tubes  using  a  frequency  of 
120  Me /sec.  Noon  gave  the  highest  vi.su.il  efficiency  while  nitrogen  was  found  most  suitable 
for  pulsed  discharges.  Gases  wh'ch  were  used  included  neon,  helium,  xenon,  nitrogen, 
mercury  vapor., and  krypton. 


SOLAR  RADIATION 

If  one  wishes  to  operate  ultraviolet  cquipmeui  in  iho  sunlight  it  is  necessary  to  deler- 
mlnc  the  extent  to  which  the  receiver  wil)/bO‘affected  by  solar  radiation.  The  amount  of 
solar  flux  at  a  particular  location  depends  on  the  .altitude,  latitude,  climatic  conditions,  the 
time  of  d.ay,  and  the  season.  Measurements  of  solar  energy  have  been  made  in  various 
localities,  and  some  oi  the  results  are  discussed  in  the  following  paragraphs.  The  regions 
of  Interest  for  this  report  are  the  middle  uiiravlolet  and  the  near  ultraviolet.  The  absorption 
by  oxonc  has  an  im|)ortnnt  bearing  on  this  problem. 

The  amount  of  atmosphere  traveled  relative  to  the  amount  directly  overhead  is  called 
the  air  mass.  When  the  sun  is  in  the  .zenith  the  air  mass  is  1.0.  The  air  mass  Is  almost 
equal  to  the  secant  of  the  zonlih  distance  (or  90  minus  the  altitude). 

Figure  17  shows  the  spectral  distribution  of  solar  radiation  for  throe  different  condi¬ 
tions.  The  curve  Labeled  M  =  1.05  is  a  spectral  plot  of  the  energy  in  watts  cm*’, per  lOA 
iMiid  with  an  air  mass  (M)  of  1.05  at  Washington,  D.  C.  (31).  An  air  mass  of  1.05  corre¬ 
sponds  to  .a  zenith  distance  of  about  18  degrees. 


Fic.  t7  -  SpiTtral  di^trlbulkon  of  soLar  r.itli.Uion  lrav«.-liiiK 
ihrinj^h  Iho  air  tii.iss  diro^tly  ovorh"  ..1  (M  1)  and  .it 
ror.lth  anylo-  lh->l  M  1.05  .i-d  1,(. 
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The  data-ofilhc  corn*  labeled  M  =  1.6  were  plotted  from  the  same  source  as  the  curve 
M  =  1  and  show  the  decrease  In  r.adiation  reacliing  the  earth  when  the  air  mass  is  1,6.  An 
air  mass  of  1.6  is  equivalent  to  a  zenith  distance  of.aix»iit>51  degrees  or  an  altitude  of  about 
39  degrees. 

The  curve  M  =  1  w.as  plotted  from  data  taken  at  aiv-.ititudc  of  11,190  f.:.*  ai  Cllro.^\, 
Colorado  (32).  The  curve  shows  appro.ximalely  the  mea<i  values^of  radiation  for  four  days 
in  September  1961.  The  origimil  data  are  arranged  in  a'table  having  values  for  M  =  0,  1,  2, 
and  3;  however  the  curve  in  Fig  I'l  'j.for  M  =  1  only.  At  this  altitude  of  11,190  feet  35  per- 
ccr.t'.of  the  total  sca-lcvcl  atmosphere  .lies  below  the  loeaiion  of  the  station  at  Climax. 

The  absorption  bands  shown  in  Fig,  17  are  the  result  of  Fraunhofer  lines. 

Figure  18  (33)‘.  a  typic.al  reprc-scnt.ation  of  the  manner  in  which  the  solar  radiation 
inlensUy  varies  with  the  time  of  d.iy  and  the  season  in  Washington.  Those  plots  show  that 
the  maximum  radiation  incident  on  .t  horizontal  plane  occurs  in  .Tunc  at  noon.  The  obser¬ 
vations  were  hi.ado  on  four  very  clear  d.iys.  The  spectral  region  is  for  w.aveleagths  of  3132A 
and  shorter. 


Fig.  18  -  Daily  .ind  seasonal 
variations  in  i'> tensity  of 
ultr.aviolut  r.idiation observed 
on  four  very  clear  days  in 
Washington,  D.  C. 


Figure  19  shows  the  extent  to  which  the  atmospheric  transmission  is  affected  by  ozone 
absorption.  The  data  plotted  in  Fig.  19  were  used  in  determining  the  conditions  during  the 
time  the  measuromonts  were  made  at  Cllmxx.  The  straight  line  is  a  plot  of  atmospheric 
transmission  when  only  Ibaylcigh  scattering  is  present.  This  line  was  plotted  from  Eq.  (2) 
for  ibaylelgh  scatierJng.  At  w.avelengths  shorter  than  3400A  there  w.is  absorption  by  ozone. 
The  difference  in  ordinates  between  the  straight  line  and  the  observed  d.ata  .at  any  particular 
wavelength  indicates  the  ozone  .absorptio.  The  optical  absorption  data  were  correlated 
with  the  amount  of  ozone  by  the  use  of  absorption  coefficients  for  ozone  gas.  About  0.21  cm 
of  ozone  at  STP  is  a  typical  value  for  latitudes  near  those  of  Climax  and  Wasliington,  D.  C. 

Measurements  of  glob.al  radiation  (sun  plus  sky)  takan  on  a  horizontal  surface  in  the 
SwiSS  Alps  .at  Davos  Observatory  (34)  are  plotted  in  Fig.  20.  These  data  show  how  the 
soiar  radiation  varies  as  a  function  of  the  altitude  of  the  sun  from  15  degrees  to  50  degrees 
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Fig.  )<>  -  Atmospheric  transmittance 
at'  Climax,  Colorado;  total  ozone 
above  the  observing  station 


WAVELENGTH (ANGSTROMS) 

Fig.  20  -  Solar  radiation  in  the  Swiss  Alps 


and  also  the  .spectral  vari.itlon  (or  v.uvclcngths  from  2900A  to  36flOA.  The  total  amount  of 
atmospheric  ozone  was  0.25  cm.  Typical  recordings  from  which  these  curves  were  plotted 
show  the  signal  merging  into  the  noise  level  of  the  equipment  at  Wiivclcngths  of  about  2950A. 
It  was  found  that  the  atmospheric  ozone  in  the  Swiss  Alps  (Lai.  45“48'N,  Long.  9'’49'E)  In 
.amounts  from  0.2  cm  to  0.3  cm  L.aiisca  variations  of  the  Intensity  of  the  sky  and  sun  radi¬ 
ation  at  3000.^  of  from  8  to  10  times. 
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DISCUSSION  OF  COMMUNICATION  SYSTEMS 
USING  ULTRAVIOLET  RADIATION 

Basic  Ccnsidbrations 

AlToiig  ranges,  the  eye  may  be  able  to  detect  a  signal- light,  but  if  the  ilgi-  is  near  tlie 
threshold  level,  communication  will  bo  difficult  or  impossible.  Factors  of  from  2  to  150 
times  tlife  tlircshold  candlepower  are  reported  (35,36)  to  be  necessary  for  communication. 

At  nigh',  however,  the  intensity  is  likely  to  be  above  the  lliresl’.old  at  the-ranges  of  Interest 
One  can  easily  cordirm  from  the  following  discussion  the  fact  that  communication  with 
visible  sources  at  night  at  a  range  of  12.5  miles  presents  no  problem  when  security  is  not 
required,  provided  the  atmosphere  is  not  foggy’.  For  c.\ample,  consider  a  summer  day  when 
an  island  or  ship  against  a  horizon  b.achground  is  visible  at  12.5  miles  and  the  atmosplicre 
has  a  iillghtly  hazy  appearance.  With  reference  to  T.able  2,  a  d.aytime  visibililyof  12-1/2 
miles  Corresponds  to  a  nighttime  condition  where  a  100-candlepower  of  approximately  a 
lOO-watl  tungsten  bulb  is  visible  7-1/2  miles  and  a  10,000-candlepower  bulb  18  miles.  This 
refers  to  a  bare  bulb  with  no  optics. 


The  flax  density  oi  sources  at  any  distance  can  be  calculated  from  the  equation 


11  . 

el)2  npS 


(13) 


where  K  Is  the  luminous  flux  (lumens),  i)  is  tlic  distance  from  the  source  to  the  receiver, 

1  is  tlio  transmission,  ^  is  the  attenuation  coefficient,  and  I  is  the  luminous  intensity 
(candlepower). 

If  the  lamp  is  now  placed  at  the  focus-of  a  parabolic  mirror  directed  tow.ard  the  receiv¬ 
ing  position,  the  .apparent  luminous  intensity  of  the  whole  mirror  Is 

-  nR^Ib-  (14) 

hero  .  is  the  refloctarice  of  the  mirror,  R  is  the  r.adius  of  the  mirror,  and  I)  is  the  lumi¬ 
nance  or  brlehtnoss  (candles /unit  aro.a).  Equation  (14)  applies  to  a  source  whicli  is  not  a 
point  source  and  \yhcro  the  observer  is  sufficiently  far  aw.ay  tlial  the  mirror  Is  uniformly 
Illuminated.  Equation  ;i4)  can  be  substituted  in  Eq.  (13)  to  determine  the  flux  density  when 
e  tarabc'lc  reflector  is  used. 


The  effect  of  the  parabolic  reflerlc.r  is. to  c.avse  a  source  of  a  given  bilghtness  to  appear 
to  be  a  source  of  greater  area  and  the  s.imc  brightness.  For  example,  a  circular  source 
with  no  reflector  !i<'>s  i  luminous  Intensity  of  -ItrJ  candles,  whore  r  is  its  radius.  When 
placed  at  the  focus  of  a  paralwlic  reflector  the  luminous  intensity  isT.BR2,  where  R  is  the 
radius  of  the  mirror. 

The  100-camllepower  lamp  which  was  visible  .at  7-1/2  miles  with  no  reflector,  might 
have  a  luminous  intensity  of  150  times  this  when  placed  .at  the  focus  of  a  12-inch-diameter 
mirror.  It  would  then  be  visible  for  over  18  miles.  The  1000-watt  mercury-xenon  bea(  n 
with  a  Fresnel  lens  has  a  candlepower  of  100,000. 

I  he  above  discussion  Is  Intended  lo  show  that  where  security  Is  not  a  consideration. 
Visual  communication  at  night  is  easily  .ichievcd^wlth  existing  equipment,  for  both  direc¬ 
tional  and  all-around  operation. 
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During  daylight  the  situation  is  quite  different  A^Iiglit  viewed  against  a  briglit  back¬ 
ground  is  much  more  difficult  to  see  because  of  tviJjOwer  contrast  ratio.  Ki>6ll,  Beard, 
Touspy,-,and  Hulburt  (35}-dutcrmined  the  threshol'  of  point  sources  of  light  in  fields  of 
different  brightness.  Quoting- froi.i  iheir  report,  an  average  day  with  the-sun  above  40 
degrees  the  background  brightness  is  200  cand!es'/ft^of  '6f76  lamberts.  They  further  define 
an  average  day.  as  one  in  which  the  transmission. is  0.6’ to  b.7  per  sea  mile,  whi  '’  from 
Table  r,  is  saen  to  be  a  clear  day.  From  Table:3  of  their  repprl,  one  finds  that  a  12-tnch 
scare;!llghl  o£')00,000  camtlepower  h,as-an  observed  threshold  of  4  loil.l  miles  (average  of 
6.8  miles)- and  a  2*1- inch-searchlight  of  100,000,000  candiepower  has  a  threshold  of  9.5  to 
19  miles  (average'  of  14.7  miles)  on  an  avertige  day.  At  this.-point  it  might  be  noted  that  tlie 
2-1/2-kw  mercury;  xenon  beacon  has  a  candiepower  of  100,000.  Their  comments  are  that 
for  slgn.aling-purpor.es  the  candiepower  of  a.iight  should  be  30  to -150  times  greater  than  th.at 
required  for  a  Ifire.shold  range.  These  values  are  somewhat  more  pcssimistic'thnn  the 
values  of  1.7  to  25  found  by  Dunkelman  (36).  Regardlcss.of  the  factor  it  is  worth  noting  that 
Dunkciinan  found  experimentally  that  on  an  average  day,  in  which  the  trnnsmi.ssion  was  0.57 
per  .sea  mile,  the-maxlihum  range  of  the  lOO'.OOO-candlepower  bcaooii  foi’-code  messages 
sent  at  5  to  7  words  per  minute  was  1.7. miles.  .MI  of  these  facts  indicate  the  need  for 
'.enhancing  the  slgnal-to-nolse  r.atio  during  daylight. 


A  Brief  History  of  Ullr.aviolet  Communications 

A  few  previous  experiments  i.a  ultraviolet  communic.ation  are  described  in  the  following 
paragraplis  to  illustrate  (he  extent  of  prior  efforts. 

Early  work  in  the  field  of  ultraviolci  communications  includcs.tliat  of  ilulbiirt  at  the 
Naval  Researcli  Liiboratury.  Thv-reporl  (37)  “Signalling  and  Duluclion  wllh  Ullra-Vlolel 
and  Infra-Rod  Radiation”  summarizes  the  work  done  at  NRL  from  1926  through  1933.  The 
Ultraviolet  signaling  system  desc.'ibed  in  this  report  consisted  of  a  3-!<Wi  30-lnch  search- 
Uglit  with  Impregnated  carbons  fmd  an  u!tr.ayiol'3t  filter.  Mounted  to  the  side  of  the  search¬ 
light  and  accurately  pointed  in  the  same  direction  was  a  tol< 'scope  of  good  ll'giit-gathoring 
power  wltli  a  screen  of  fluorescent  material  in  the  focal  piano  of  the  cbjcctive.  Thu  ultra- 
vi'-\ct  cfficloncy  of  the  scyrec  was  less  tlwn  0.5  percent  and  the  efficiency  of  the  receiver 
Ir  converting  the  ultraviolet  to  visible  light  was  iess  'Han  1  percent.  With  tills  equipment, 
two  darkened  ships  were  able  to  loc.rT  •  ami  commuiiicait  witlupach  olliur  at  a  ma.ximum 
range  of  4  miles.  The  maximum  r?.  obtained  on  a  clear  night  was  6  miles.  The  llglils 
were  visible  at  1  mile  with  blnocuJiirs. 

Wnrie  (16)  was  concerned  .Ath  communication  by  ultraviolet  In  the  region  where  it  is 
entirely  Invisible  to  the  ui.i'd.  d  eye.  Therefore  filters,  sources,  and  receivers  were  devel¬ 
oped  primarily  for  the  wavelongtli  region  2500A  to  3000.\.  The  ranges  which  are  quoted  are 
based  on  an  .iveragc  d.ay,  which  he  defines  as  having  a  visible  transmission  of  60  percent 
per  mile  and  an  ultr.avioict  transmission  (2700A-to  2900A)  of  40  percent  per  mile. 

One  system  widcli  hi  developed  used  a  gailium  source  housed  in  a  6-iiich-dianictcr 
reflector  with  a  25-dcgrce  horizontal  and  15-degree  vortical  bea.m.  Wllh  a  “G”  filter  this 
source  was  not  visible  to  tlic  unaided  eye  moio  ‘han  a  few  yards.  Witli  a  phosplior  meta- 
scope  as  a  receiver  the  range  was  1  tc  2  miles.  When  a  1R28  multiplier  phototube  at  the 
focus  of  a  10-lnch  diameier  f /I  mirror  was  used  for  receiving,  voice  communication  was 
possibW  ii<>  Id  .1  miles.  The  daytime  range  was  only  a  few  hundred  ya''ds  because  of  the 
filter  required  to  exclude  sunTlghl  from  the  receiver. 
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A  low  pressure  mercury  arc  lamp  was  found  to  liave  liettor  efficiency  at  2537A  than 
that  of  the  gallium  lamp  at  2900A.  However,  due  to  the  hlKhei;  atmospheric  attenuation,  the 
two  had  about  equivalent  ranges. 

A  400-watt  high  pressure  mercury  arc  lamp  at  the  focus  of  a  fi-innh-dl.i meter  parabolic 
mirror  was  tried  with  .an  “A”  filter  (16),  which  passed  the  3630A  and  313qA  inCS.  This 
could  bo  scon  with  the  unaided  eye  for  some  distance.  A  “13"  filler  restricted  the  output  to 
the  3!30.\  line,  but  the  light  was  visible  at  1  mile.  The  range  with  a  metascopo  was  5  to  10 
miles', 

Table  U  iummarlzes  some  of  the  systems  considered  feasible  l>y  Wiitn.  Vacant  entries 
reprosoe.t  unsatisfactory  combinations. 


Table  11 

Systems  Considered  Feasible  by  White  (16) 


Hecci'.or 

Time 

Range  for  thc<liuiicnted  Source  (yd) 

400-watt  High-Pressure 
Mercury  Arc 

50-’.v.".lt  Gallium 
Lamp,  2800A 

C.trbon  Arc 

65, amp  dc,, 
GrkPModulat'ed, 

0 '  •  ir  r-«am 

Phosphor 

Day 

* 

200 

- 

.Mctascopo 

Night 

‘iOOO 

2,000 

- 

Photomultiplier 

D:iy 

- 

- 

4,500 

2  2  field 

Night 

- 

- 

79,000 

The  Eicon  Ltdwratary,  Inc.,  under  a  contract  with  the  Federal  Aviation  Agency  (38), 
Intesligatcd  the  posslbllttv  of  providing  a  cullisluu  warning  system  operating  In  the  ultra¬ 
violet  spectrum  and  luiving  a  range  of  10  to  15  miles.  This  system  could  conceivably  bo 
used  fur  communication  by  code. 

The  ..ource  used  for  'heir  c.xpcrimontal  program  consisted  of  a  G.  E.  Type  GJ5  TB 
IS-watt  low  pressutc  mercury  lamp  with .» ixillshcd  reflector  designed  to  produce  a  beam 
inches  30  degrees.  The  receiver  was  a  1P28  muUlpller  phototube  moulded  In  a 
relicclor  with  an  area  of  0.3  a-.d  a  field  of  view  of  0.03  radians.  The  253CA  mercury 
line  was  the  source  of  most  of  the  signal.  The  output  of  the  lamp  at  this  wavelength  is 
alioul  3.0  watts.  The  lamp  was  opeiat^d  fram  a  15-cps  supply,  and  a  30-cps  synchronous 
detection  system  was  used  at  the  roccfor. 

Operation  was  natnly  at  night  to  .tvoid  large  signals  from  a  solar  background.  Con- 
Mste '.}  reception  wvis  achieved  over  a  2.3- km  range  as  long  as  the  visibility  equaled  oi 
f'.\credcd  2.3  km.  The  maxtmuiu  practical  range  with  this  system  was  concluded  to  be  2.2 
miles  with  a  15-mllc  visibility. 

.‘jioiiier  system  using  mercury  germicidal  lanipa  was  developed  by  Northwestern 
I'-.r.i  rsiiv  (39)  for  the  Evans  t^ignal  Laberatorv.  In  lids  ca.se  an  8-watt  lamp  was  pulsed 
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and  amplllude-niodulaled  using  a  potential  of  3300  volts.  The  peak  power  was  found  to  be 
about  30  kw  and  the  average  power  about  3.9  watts.  Four-watt  and  lb-watt  lamps  were  also 
pulsed,  the  lb-watt  lamps  being  somewh.ii  freer  from  jitter. 

A  pulse  time  modulatcddlght  beam  communication  s>'stem  was  developed  by  North¬ 
western  University  for  the  U.  S.  Navy  (29,40).  The  source  for,  this  system  w.is  »  ja.':  filled 
tube  dcvelojicd  by  Nerlhwestern.  When  the  tube  was  tilled  with  nitrogen  at  10  m/t!,  pressure, 
and  pulse  time  modulated  with  7.5  kv,  the  output  of  the  band  system  e.'ctcndcd  from  about 
2200A  to  5000A.  The  duration  of  the  flash  was  about  0.1  microsecond,,  and  the.peak  of  the 
enerey  was  In  the  near  ultraviolet.  The  reflector  was  a  'l4-lnch-diamefer  Alzac  aluminum 
parabolic  mirror  giving  a  field  of  view  of  7.5  .  The  receiver  used  a  1P21  multiplier  photo¬ 
tube  at  the  focus  of  a  16-inch  parabolic.  Alzac  reflector  and  Itad  an  opt|cal  bcamwidth  at 
half  intensity  of  3  degrees  horizontal  and  8  degrees  vertical. 

This  .V  .tern  was  demonstrated  in  Washington,  D.  C.,  with  a  p.ath  length  of  5  miles 
between  the  Main  Navy  Duilding  and  NRL.  The  tests  were  conducted  .at  nighi'using  a 
Corning  No.  9863  filter  to  eliminate  interference  from  tunestcn  llghts.  Cummunicalion  in 
full  sunlight  was  not  possible.  The  atnrrjfphcrlc  transmission  was  measured  at  SSOOA  and 
extrapolated  In  •lOOd.A  using  curves  from  Ref.  -'ll.  '.Vhep  the  tiaii&mission  was  0.4  per  niilo 
or  better  at  4000A,  noisc-frcc  transmissions  over  the  S-milc  path  were  possible.  Tiie 
vacuum  range  of  the  equipment  was  50  mites. 

it  sliould  Ue  noted  that  none  of  these  systems  were  reported  to  liavc  good  d.-iyllght 
capablUties. 

In  the  Eicon  e-xpcrii.icnts  and  one  of  t.'ic  Northwestern  University  equipment.^  standard 
low  pressure  fgormlcidal)  mercury  arc  lamps  were  used.  These  are  highly  efflolenl  uilni- 
viulct  lamps  in  that  virtually  all  the  radiation  is  al  one  wavelength,  253C.5A,  Unfonunatcly 
inifi  IS  also  very  close  to  tlie  pc.ak  absorption  of  ozone. 

In  order  to  evaluate  the  losses  due  to  atmospheric  absorption  by  ozone  and  oxygen  and 
Ravleigh  scattering  the  data  shown  in  Table  12  were  tabulated  at  wavelengths  of  253CA, 
2950A,  3C00A,  and  54G0A  from  Figs.  1  and  2.  These  wavelengths  were  selected  for  the 
fnl'  iwing  reasons:  253GA  is  the  wavelength  of  maximum  output  from  a  low  pressure 
iiiircury  arc,  2950A  is  the  approximate  cutoff  for  solar  radiation,  3G00A  in  the  near  ultra- 
viulet  was  picked  at  random,  and  5460A  is  a  visible  line  emitted  by  a  mercury  arc  lamp. 

From  Table  12  it  Is  seen  that  in  a  pure  atmosphere  the  inl'.nslty  of  a  source  radiating 
at  2'13GA  IS  reduced  by  a  factor  oi  5.28  ■  IP’,  wherpa«!  one  at  5460.\  Is  reduced  but  1.24 
times  at  10  miles.  In  a  real  atmosphere  the  attenuation  is  much  greater  and  less  selective 
with  wavelength.  This  Is  borne  out  by  the  measurement.'!  of  Dunkelman  (7),  sliown  also  In 
the  table.  The  data  for  scattering  by  fog  cover  only  the  region  from  2900A  to  4500A;  how¬ 
ever  thi  attenuation  Is  virtually  constant  over  a  wide  range  of  wavelenghts. 

From  Table  )?  it  )s  concluded  that  a  source  which  nadiaies  mainly  at  2536A  Is  uHcsir- 
ahlc  Imcause  of  the  high  absorption  by  ozone.  From  the  vlewjioint  of  ai>sorption  by  gases 
the  interval  3500A  to  40(inA  appears  to  offer  leas'  attenuation,  but  In  a  real  atmosphere 
experimental  rtsults  shew  that  scattering  by  haze  and  fog  are  the  dominant  sources  of 
attenuation  and  the  selcclUm  of  a  “best  region’'  may  lx?  lesu  critical  than  one  might  suspect. 

The  nitrogen  filled  lamps  and  .iccomiMnying  circuits  developed  at  Northwestern 
I'nversitv  .T>r.d  NRL  would  appear  to  be  the  mo.st  prunuslng  sources  for  an  'iltravlolet 
svstc").  since  a  large  percentage  of  the  output  is  in  the  middle  and  near  ultravl''let  region. 
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Selection  of  Components  for  a 
Communlcntfon  System 

For  initial  work  the  lOOC-watl  mercury -xenon  arc  is  a  good  source  because  it  has 
fairly  good  output  in  the  region  2500A  to  2900A  (about  12.8  watts)  and  is  convenient  to  use. 

For  d.iyliyht  operation  a  narrow-band  interference  filter  can  be  used  at  the  ntientor 
to  exclude  solar  radiation.  According  to  the  manufacturer’s  d.ita,  an  all-clielectric  inter¬ 
ference  filter  is  available  peakcu  .at  2800A  (or  .ibovo)  with  a  half-power  bandwidth  of  lOOA 
and  a  transmission  of  20  to  40  percent.  This  filter  would  still  have-some  transmission  ai 
2950A;  however  preliminary  experiments  iiulic.atc  th.at  daylight  opor.atlon  is  feasible  wlth 
some  solar  radiation  preseni.  Another  method  for  greatly  reducing  the. amount  of  solar 
radiation  at  the  detector  is  by  use  of  a  dichroic  mirror  which. reflects  ultraviolet  and  trans- 
mits-r'slble  radl.atlon. 

The  encouraging  results  obtained  with  nitrogen  filled  tubes  indicate  the  need  for  further 
evaluation  of  such  sources. 

The  signal-to-nolse  ratio  of  the  system  c.an  be  lurther  Increased  by  the  use  of  pulsed 
sources,  Keene  and  Richardson  (30)  have  shown  tlutione  might  c.\|)cct  .t  pulsed  voice  system 
to  have  a  ulgnal-to-roise  ratio  32  times  ttuit  of  a  cw  system  and  a  code  system  using  a 
pulsed  source  to  have  a  slipial-to-noisc  ratio  100  times  that  of  a  cw  system,  for  equal 
average  iwwers. 


Detectors 

Assuming  that  the  best  signal-to-nolse  r.itio  .and  a  high  sensitivity  ate  desired,  the 
mjst  suitable  detector  Is  a  multiplier  phototube.  If  the  detector  must  measure  radiation  In 
absolute  units  witliout  frequent  callbr.aiion  a  diode  phototube  will  be  more  satisfactory. 
Otherwise  a  multiplier  phototube  Is  more  desirable  bcc.ause.of  Its  high  gain  and  low  noise 
level. 

Since  the  m.a.ior  iiroblom  is  to  detect  a  sou.'cc  during  the  daytime,  it  would  be  highly 
desirable  to  have  a  photoc.athodc  wliich  >8  sensitive  to  long  wavelength  uiiraviulet,  yet  Is 
Insensitive  to  solar  r.adlatlon  which  would  tend  tu  saturate  It.  -Such  tubes  arc  available  but, 
as. explained  in  Ref.  22,  have  some  response  to  solar  radiation.  These  tubes  .ire  still  undei 
development  and  ..re  relatively  expensive  as  compared  to  other  types.  Therefore,  it  Is 
probably  more  desirable  to  select  another  type,  using  the  cm  vus  shown  in  Fig.  M.  A  photo- 
scns'tlve  cathode  with  d-D  response  will  provide  .idcqu.ttu  sensitivity  in  the  middle  and  near 
ultravtuiet  regions. 


Electrical  Circuits 

No  mention  ha>.  i>ee‘'  fjvj.jn  nf  »|;p  ticrtrical  and  electronic  circuiis,  since  these  Involve 
techniques  wliich  are  well  k.nuwn  and  will  >ary  .ic  -  jrdlng  to  the  application  of  the  detected 
shmal. 

In  iii'ist  cases  the  source  will  be  operated  from  a  00-cps  power  supply,  so  th.it  the 
radi.ilid  energy  will  consist  of  120'Cps  pulses.  If  communication  by  only  code  ia  anticipated, 
an  ant|dlflcr  synchronouslv  tuned  to  120  cps  and  hating  a  fairly  n<tt  low  bandwidth  siiouiu  ou 
used.  However,  if  pulsed  sources  are  used,  a  widc-b.ind  system  is  required. 
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Circu’lry  used  in  obtaining  cxpcriincntnl  daid  will  be  included  in  a  following  report. 


Component  Development 

There  are  several  .aro.as  where  an  Improven'.e'it  in  components,  if  of  sim.oicaiit  mag¬ 
nitude,  would  result  in  greatly  Improved  performance  of  an  ultraviolet  commumciitlons 
system. 

The  available  sources  have  been  shown  to  have  output  In  tlic  ultraviolet,  visible,  and 
Infrared  regions.  In  most  cases  the  ultraviolet  output  at  tnc  desired  wavelengths  Is  a  veiy 
small'pcrcentagc  of  tlie  total  output.  The  only  exception  considered  here  was  tlie  low  pres¬ 
sure  mercury  arc.  It  has  a  low  .average  power  capability,  and  the  iniixlmum  output  iit  2536A 
is  too  greatly  .attenuated  by  the  atmosphere  to  be  lilghly  useful. 

Too  ultraviolet  filters  which  arc  .avail.ablc  have  a  maximum  of  40-perccnt  transmission 
and  usually  loss.  The  attenuation  outside  the  desired  bands  Is  not  great  enough  to  exclude 
Intorferenco  from  solar  radiation. 

Photoelectric  cells  arc  sensitive  to  a  very  wide  spectral  regie;.)  and  thoroforc  m.axlmum 
uso^rannot  be  made  of  their  cap.abllitlcs  during  daylight  operation.  “Solar  blind*  cells  have 
nut  yet  reached  a  state  of  development  where  they  arc  completely  solar  blind. 


CONCLUDING  REMARKS 

An  examination  of  theoretical  and  experimental  ntmos|)hcrlc  transmission  data  leads 
•o  the  conrluslon  that  tlie  region  or  some  portion  of  the  region  between  2800A  and  dOODA  Is 
the  most  promising  portion  of  tho  ultr.vvlolct  spectrum  for  communications  systems  using 
prubontly  available  components. 

An  investigatioi)  of  other  types  of  sources  such  ns  lasers  and  plasma  arcs  and  other 
regloim  of  the  spetlrum  arc  authoriacd  under  this  Task  Order  but  are  not  considered  In 
.Ills  leport. 

From  preliminary  field  tests,  d.ayllght  operation  using  a  mercury-xenon  arc,  xenon  arc, 
or  nitrogen  gas  discharge  as  a  source  and  a  pnotodetnetor  with  a  narrow-band  filter  appears 
feasible.  A  pulsed  source  with  lilgh  peak  power  output  will  provide  a  bettor  signal-to-nolsc 
ratio. 
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